Background
Malignant otitis externa (MOE), also called necrotizing otitis externa, is a serious infection of the external ear and temporal bone. Elderly patients with diabetes are typically affected by the disease. Pseudomonas aeruginosa (PSA) is the causative pathogen in 50% to 90% of the patients. Less frequently, other microorganisms may be isolated, especially in non-diabetic patients. Staphylococci, Streptococci, and gram-negative bacilli (e.g., Klebsiella spp.) are the etiologic agents in 5% to 20% of cases. Fungi cause MOE in 5% to 20% of these patients [1] [2] [3] [4] . The infection begins as an external otitis that progresses into osteomyelitis of the temporal bone. Although the first reported case of MOE in the literature is in 1838 [5] , it was only in 1968 that the disease was recognized as a distinct clinical entity and a detailed description of its clinical characteristics emerged [6] . Besides long-standing diabetes, other risk factors include congenital or acquired immune-deficiencies including from prolonged steroid use, malignancies, and chronic renal failure [7] . The presence of certain factors can predict poor outcome in MOE. These factors include long-standing diabetes, development of facial nerve palsy, age above 70 years, and positive computerized tomographic (CT) scan findings of tissue destruction and skull-base osteomyelitis [8] . Because many of the initial presenting symptoms of MOE are also observed in simple forms of otitis externa (e.g., ear pain, discharge, and fullness), a high index of clinical suspicion is required to diagnose MOE, as the outcome can be fatal. MOE is of concern secondary to its proximity to structures in the petrous bone and base of the skull. Complications include mastoiditis, skullbase osteomyelitis, cranial nerve involvement, cerebral venous sinus thrombosis, and brain abscess. Formation of pseudoaneurysms of intracranial arteries is a life-threatening complication of MOE that is seldom reported in the literature. We report a case of MOE initially treated with antipseudomonal antibiotics empirically after obtaining negative initial culture results. His MOE resulted in a cascade of complications culminating in massive epistaxis secondary to an internal maxillary artery pseudoaneurysm. Subsequently, a tissue biopsy obtained under functional endoscopic sinus surgery (FESS) confirmed Candida glabrata as the etiologic agent. Multidisciplinary management resulted in successful treatment of the patient's condition, and he was discharged from hospital in good condition.
Case Report
A 66-year-old man with diabetes mellitus presented to the Emergency Department (ED) at Hamad General Hospital with sudden massive epistaxis. Four months prior to this presentation, he was admitted to the hospital with left MOE following presentation with otalgia and ear discharge complicated by mastoiditis and left parotid abscess revealed by the CT scan of the head. Initial biopsy from the granulation tissue in the left middle ear showed chronic inflammatory process but revealed no bacteria or fungi. Treatment commenced with intravenous piperacillin/tazobactam for two weeks followed by oral ciprofloxacin for four weeks, with strict diabetes control. Unfortunately, the patient was lost to follow-up after hospital discharge. He developed a sigmoid sinus thrombosis and secondary seizures. Warfarin and levetiracetam were started and courses of antipseudomonal antibiotics were administered. His past medical history was also significant for poorly controlled, insulin-treated type 2 diabetes with an HbA1c of 9.8%, complicated by peripheral vascular disease and left leg above-knee amputation. On this presentation to our Emergency Department, he was drowsy and hypotensive with a blood pressure 80/55mmhg and a pulse rate of 120 beats per minute. He denied having nasal discharge or fever prior to this incident. There was no history of associated hemoptysis, hematemesis, or bleeding from any other site. Systemic examination was unremarkable. Initial laboratory tests showed a white cell count of 21×10 3 /µL, hemoglobin of 8.6 g/dl, platelets of 470×10 3 /µL, and normal clotting profile with an INR of 1.3, with a questionable adherence to warfarin. Alkaline phosphatase was elevated (330 U/L). His kidney function and electrolytes were with normal ranges. Contrast-enhanced computerized tomography (CT) of the head revealed opacification of the left mastoid air cells and the lower and middle ear, with features of osteomyelitis involving the left petrous bone, mastoid process, and occipital condyle. Imaging also showed previous thrombosis involving the distal left sigmoid sinus and internal jugular vein and opacification of the left maxillary sinus with the possibility of pseudoaneurysm formation in the left maxillary artery (Figure 1 ). An urgent conventional angiography of the brain confirmed a large pseudoaneurysm, measuring 2×1.5 cm, related to the terminal course of the left internal maxillary artery ( Figure 2 ). After initial resuscitation with fluids and blood, emergency endovascular catheter embolization of left maxillary artery pseudoaneurysm was performed using a histoacrylate/lipoidol mixture, with successful total occlusion of the pseudo-aneurysm and control of bleeding. A functional endoscopic sinus surgery (FESS) with biopsy was performed, which showed profuse growth of Candida glabrata from the tissue biopsy. Anticoagulation was initiated with warfarin after controlling the bleeding. Intravenous piperacillin/tazobactam and amphotericin B treatment was started, which was later switched to caspofungin, based on final antimicrobial sensitivity results, with additional empiric coverage for Pseudomonas aeruginosa (PSA) with oral levofloxacin for a total duration of three months.
Discussion
Fungi are rare causes of necrotizing or malignant otitis externa (MOE). Aspergillus spp. and Candida albicans are the most commonly implicated fungi. C. glabrata, C. parapsilosis, and C. ciferrii have also been reported [9] [10] [11] [12] . The exact pathophysiology of fungal MOE is not well understood. In addition to long-standing diabetes and immunodeficiency states, prolonged antibiotic treatment in patients with primary bacterial MOE is an important risk factor for fungal superinfection [12, 13] . Use of topical antibiotics has also been linked to the development of secondary otomycosis [14] . The diagnosis of fungal MOE can be very challenging and requires a high index of suspicion, particularly in patients who continue to progress despite the initial treatment of bacterial MOE [13] . It may result in directing the initial empiric antimicrobial against the most common causative micro-organism, which is Pseudomonas aeruginosa (PSA), without considering fungal pathogens. It is noteworthy that PSA is also the normal flora of the external auditory canal, so initially positive microbiologic studies may be misleading and can delay the diagnosis of a fungal entity [4, 15] . For the diagnosis of MOE, samples of discharge from the auditory canal are usually sent for microbiology examination and culture, and tissue biopsies of granulation tissue from the auditory canal or the skull base can be examined, as was done in our patient [4] . Fungal MOE tends to be more invasive than its bacterial counterpart and subsequently results in numerous complications, although survival is the same in both [16] . The therapy of MOE has evolved tremendously over the last two decades. Toxic antibiotics and morbid surgeries have largely been replaced with well-tolerated oral antibiotics, associated with a 90-100% success rate [13, 17] . The introduction of newer, more effective, and safer antibiotics have changed the indication of surgical debridement from the former first-line treatment to very limited cases that develop bony sequestra or abscesses, which our patient also lacked [13] . The current standard of care for the treatment of MOE is six weeks or more of culture-directed antibiotic therapy. Our case demonstrated a negative initial culture of granulation tissue, which resulted in empiric treatment with piperacillin/tazobactam for two weeks, followed by oral ciprofloxacin, to complete a total of six weeks. High rates of culture-negative specimens in MOE are not uncommon and have been reported from other parts of the world [4] . The 6-week duration is based on the three or four weeks that bone takes to revascularize. Most recent case series mention using combination therapy with two antipseudomonal agents, such as ciprofloxacin and ceftazidime [13, 18, 19] . Hyperbaric oxygen has also been suggested as a promising adjunct therapy. In a recent report from Tunisia, patients with MOE who were treated with hyperbaric oxygen in addition to antimicrobials demonstrated a higher rate and speed of recovery than those treated with antimicrobials alone [20] . Early initiation of therapy for MOE is paramount to prevent cranial nerve involvement and improve prognosis. Our patient exhibited a lack of response to several courses of antibiotic therapy, which can be attributed to Candida being the infectious agent [4, 13] , although compliance with medication is an aspect that remains questionable. Other conditions that are met with such a response are the presence of more aggressive or multi-resistant organisms, a broader spectrum of bacterial pathogens, and the presence of multiple co-morbidities. Interestingly, our patient had had uncontrolled diabetes mellitus. Recent reports suggest that initiation of empiric antifungal drugs be used for patients who are unresponsive to antibacterial therapy or who relapse after treatment, which is particularly important in patients who show negative cultures from ear swabs or granulation tissue biopsies [4] . Unfortunately, our patient was lost to follow-up for a significant period after his initial therapy, and presented four months later with several complications. The tissue culture from his left maxillary sinus confirmed C. glabrata as the etiologic agent. Although clinical guidelines and recommendations are lacking, the important principles of fungal MOE treatment include aggressive control of diabetes, improvement of immunocompetency when possible, and prolonged administration of adequate doses of antifungal agents. Nevertheless, the optimum duration of therapy remains unknown. Amphotericin B and itraconazole were the favored antifungal drugs for the treatment of fungal MOE in the earlier case reports. However, we treated the patient initially with intravenous amphotericin B and later switched to caspofungin based on our local guidelines, with a prolonged course over three months, which our patient successfully completed.
A severe and life-threatening complication of MOE that is rarely reported in the literature is the formation of pseudoaneurysms of the intracranial arteries. Pseudoaneurysm of an artery can occur due to infection or other causes and is defined as the formation of a saccular lumen within the arterial wall that is contiguous with the lumen of the artery [23, 24] . The prevalence of cerebral artery aneurysms due to infection has been reported to represent between 0.7-4% of all cerebral aneurysms [23, 25, 26] . The mechanisms by which the infection reaches the arterial lumen can be hematogenous seeding or direct invasion of the adventitia of the artery from surrounding infection [27] . Non-treatment or delayed treatment of infected aneurysms often leads to fulminant sepsis, spontaneous arterial rupture, and death. Earlier detection of infected aneurysms is therefore critical for timely treatment to optimize patient outcome [23, 24] . Current state-of-the-art imaging modalities, such as multi-detector CT (MDCT) and magnetic resonance imaging (MRI), have now replaced conventional angiography techniques in the detection of aneurysms that are diagnosed clinically as being due to infection and can assist in the planning of treatment in confirmed cases [23] . In addition to the use of effective long-term antibiotic therapy, there are other modalities of interventions that may be required for aneurysms that are enlarging, ruptured, or have diminished flow. Such interventions include surgical resection and primary anastomosis, balloon occlusion, endovascular embolization/coiling, or stent placement [27] . Our case was successfully managed with endovascular embolization, with complete obliteration of the pseudoaneurysm, without any further episodes of epistaxis, thus enabling the resumption of anticoagulation. To the best of our knowledge, the formation of pseudoaneurysms as a complication of MOE has seldom been reported in the literature. Furthermore, this case report emphasizes that fungal MOE should be a diagnostic consideration in patients with MOE who are unresponsive to or relapse after antibiotic therapy. An empiric antifungal treatment may be justified in such cases [28] .
Conclusions
MOE is a serious condition that can lead to grave consequences. Pseudoaneurysm of the intracranial vessels is a life-threatening complication that is seldom reported in the literature. Lack of initial response of MOE to antibacterial drugs or progression despite the use of these drugs should raise the suspicion of a fungal etiology of MOE. The current guidelines are lacking in terms of antifungal of choice and optimum duration of treatment.
